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In this paper we describe an experimental study, in the preceding 
article, authors reported about the resin base of laminated hybrid 
composite reinforced by carbon fiber, in this article, however is to 
report fundamental data of the composite material made of acrylic 
resin mixed and molded with chopped strands of carbon fiber. 
The following summary can be made from the results of the present 
experiments. Reinforcement effect of carbon fiber in carbon fiber 
reinforced P.M.M.A. is 3.5 times as much of simple substance of 
P.M.M.A., when the carbon fiber content is 25% in weight and carbon 
fiber length 4mm. Similarly, reinforcement effect of glass fiber in 
glass fiber reinforced P.M.M.A. is 1.6 times as much, when glass 
fiber content is 30% in weight and glass fiber length Smm. 
1. INTRODUCTION 
161 
By combining and synthesizing materials of different quality and shape, 
it is possible to attain characteristics which the original simple sub-
stance has not had and to create a new resin base having excellent fea-
tures to meet the various requirements. In the preceding article, the 
author reported about the resin base of laminated hybrid composite rein-
forced by carbon fiber.~,2) This article, however is to report fundamental 
data of the composite material made of acrylic resin mixed and molded with 
chopped strands of carbon fiber. 3) Namely, in order to find bending chara-
cteristics as may be required for resin base, static bending test has been 
performed with Imm thick C.F.R.P. and G.F.R.P. plates, and fiber length, 
content ratio, dispersibility and bending characteristics of reinforcement 
have been sought for.~,~ 
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2. EXPERIMENTAL MATERIALS AND EXPERIMENTAL METHOD 
In the experiments, denture acrylic SHOFU "Bio" resin was used as 
matrix, while carbon fiber TORECA "T300A" 3) and glass fiber NITTOBO 
glass roving "ER23l0" E type glass as reinforcement. Molding condition 
was that the mixed and kneaded material was molded in metallic mold for 
40 minutes by hot press under 100°c and 100kg/cm2 , thence cooled natu-
rally down to room temperature. Mixing and kneading process was carried 
out by mixing powdered P.M.M.A. with fibers, dispersing and adding 
hardener. Bending test piece was prepared in a narrow tablet shape of 
80 x 10 x 1 mm. This test piece was supported on supporting points of 
50mm apart, then the bending load of 700gr. was applied to the center, 
and strain was measured with reading microscope. Condition of disper-
sion was examined in theenext place. The test piece mentioned above was 
put on a slit of 5 x 8mm and transmission light of an electric bulb was 
detected by photo cell through a lense, and its reciprocal was recogni-
zed as intensity. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
Figs.1-5 show relation between bending stress and deflection of lmm 
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plate of C.F.R.P.M.M.A. subjected to three point bending test. The test 
was conducted with C.F.R.P. having different C.F. length of 2, 3, 4, 5 
and 6mm and C.F. content of 5, 10, 15, 20, 25 and 30%. Maximum strength 
was not obtained with longer or shorter fiber glass, but with fiber of 
4mm in length. Short fiber is easy to mix with P.M.M.A., while longer 
fiber is hard to mix. Longer C.F. material is better in terms of stress 
propagation and is stronger. This may be the reason why the material 
having moderate fiber in length showed maximum strength. On the other 
hand, maximum strength was likewise obtained with fiber content of 25 
wt.%, but not with more or less content. It is easy to mix and knead 
when fiber content is less, but difficult when content is more. Rein-
forcement effect is greater when C.F. content is more. It may explain 
why the material of moderate fiber content showed the maximum strength. 
Fig.6 shows relation among C.F. length, stress and strain observed with 
test piece of high strength having 25% C.F. content. From the experi-
ment, it has become clear that the material having 25% in C.F. content 
and 4mm in the C.F. length has the best bending characteristics. If we 
compare this material with P.M.M.A. simple substance, the former has 
strength of 3.5 times as much of the latter. Fig.7 shows the result of 
experiment conducted with the P.M.M.A. of Imm thick, reinforced with 
glass fiber of 5mm in length. From 
this it has been known that the 
material gets the maximum rein-
forcement effect when the fiber 
content is 30wt.%, but less in 
effect when the content is more or 
less than 30wt.%. Effect of rein-
forcement was 1.6 times as much of 
P.M.M.A. and 0.5 time as much of 
C.F .. Fig.8-12 show result of expe-
riments in which dispersibility of 
C.F. into P.M.M.A. was examined. 
From each figure, it is recognized 
that the best dispersibility is in 
the region of 25% in C.F. content, 
but inferior in dispersibility 
when the content is more or less 
than 25%, and that the material 
having 4mm long fibers comparative-
ly better dispersibility. Table 1 
shows elastic moduli of each 
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Table 1 Calculated and experimental bending 
elastic modulus. 
Carbon Fibt'r Carbon Fibt'r Calculatt'd bt'ndinq Expt'rimt'ntal bt'nding 
length (mm) content (wt'I.) elastic modulus (kg/mm' ) ,lastic modulus (kglmm' ) 
l'lf E":R,,C. V. Ei.(1-Vj lE .. 6)7)1~~~ E.=6ti& 
2 5 373 10 471 
15 569 
20 642 
25 740 
30 838 
3 5 377 10 480 
15 583 
20 660 
25 763 
30 &69 
4 5 378 10 /,82 
15 586 
20 664 
2S 798 
30 872 
5 5 379 10 /'8/' 
15 590 
20 669 
25 774 
30 879 
6 5 382 10 490 
15 599 
20 681 
25 790 
30 698 
whE'rE'. 
c,,:ThE' deQre-e of the rE'duction of rigidity cauSed oy misalignment of fib .. rs 
Ro:Thl:' de-grE'!:' of the rE'duction of rigIdity caused by the shortn .. ss of fiOer 
V,:Vol'-1mE' De-r ce-nt of 'ibE'rs 
E.:BE'ndir,g e:O'3t;( modulus of fiber 
E...;8enc'r.r; 1:'1 ::s~: c rrodul'~s 0 t matrix 
h. ThicknE'ss :Ji s;:lE'cimE'n 
l: Spon leng:r, (SOmml 
38/. 
495 
515 
777 
772 
808 
433 
477 
568 
808 
935 
931 
.. 38 
630 
627 
775 
1254 
888 
/,10 
421 
56':' 
619 
984 
938 
469 
540 
714 
801 
942 
939 
specimen under bending load, obtained by theoretical method using Fig. 
13-14 and through experiments. From this table, it was known that 
experimental bending elastic moduli were agree with calculated ones 
very well. 
4. CONCLUSION 
The following summary can be made from the results of the present 
experiments. As a result of this series of test and experiments,it was 
found that. 
Reinforcement effect of C.F. in C.F.R.P. is 3.5 times as much of 
simple substance of P.M.M.A., when the C.F. content is 25% in weight 
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and C.F. length 4rnm. Similarly, reinforcement effect of G.F. is 1.6 
times as much, when G.F. content is 30wt.% and G.F. length Smm. Small 
difference in characteristics between C.F. reinforcement and G.F. rein-
forcement seems to be because of difference in mixability and kneada-
bility of those reinforcement materials with matrix. 
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